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ABSTRACT 
Macro algae are now-a-days used as a biosorbent material for removing heavy metals from 
wastewater. Uptake capacity of brown algal species Padina tetrastromatica for heavy metals 
was evaluated in the present study. Dried  biomass of this alga  was utilized to assess the 
removal of Cu(II), Pb(II), Ni(II), Co(II), Cd(II), Cr(II) and Zn(II) ions from  wastewater. The 
adsorption capacity for Pb (II) was 845.5 mg/g while for Cu it was 294 mg/g. The efficiency for 
Pb (II) removal was greater in P.tetrastromatica (83.25%) while for Cu (II) it was 71.92%. The 
percent removal was less than 50% in all other metals. Above results indicated that dried 
biomass of seaweed is suitable for removal of heavy metal ions from wastewater. FT-IR, SEM-
EDX and XRD analyses were used to study metal-algal interaction and biosorption mechanism. 
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INTRODUCTION 
Removal of heavy metals from waste water is 
essential in order to minimize their toxicity 
towards aquatic life and humans. Public 
awareness and stringent environmental 
legislations have lead to extensive research in 
developing effective alternative technologies 
for the removal of these potentially damaging 
substances from effluents and industrial waste 
water.1 Biosorption is proved to be quite 
effective in removing metal ions from 
contaminated solutions at a low cost and 
environment friendly manner.2 Ions of Cd, Hg, 
Pb, Cr, Cu etc. are found highly toxic even at 
very low concentration. Conventional 
techniques such as chemical precipitation, 
membrane filtration, electrolysis, ion -
exchange, carbon adsorption are not cost 
effective and suitable to remove heavy metals 
when present at a low concentration.3 
Algae are of special interest as an effective and 
new biosorbent material due to their high 
sorption uptake and abundance near the seas 
and oceans.4 Brown algae are known to bind 
metallic ions, probably due to their polysac-
charide content.5 Biomass of Sargassum 
species, Macrocystis pyrifera, Kjellmaniella 
crassiforia and Undaria pinnatifidia is known 
to effectively remove Cd, Cu, Zn, Cr and Ni.6-10 

AIMS AND OBJESCTIVES 
In the present study, process of heavy metal 
removal from wastewater has been worked out 
using dried biomass of Padina tetrastromatica. 
Further different analytical techniques were 
used to understand the biosorption mechanism. 

MATERIAL AND METHODS 
Algal collection and preparation 
Fresh material of Padina tetrastromatica 
(Hauck) was collected from Malvan and 
Kunakeshwar located at latitude 160 4’59’’N 
(16.0830) and longitude 73030’E (73.5000) 
along the west coast of Maharashtra, India. 
The algal material was washed with tap water 
and thereafter with double distilled water 
thoroughly to remove epiphytes and dirt 
particles. It was then sun dried and then kept in 
oven to obtain constant weight. Dried biomass 
was milled and sieved through 0.212-0.025 
mm and stored at room temperature in 
polyethylene bottles. 
Metal biosorption 
Waste water from two different alcohol 
distillery, dairy and tannery was obtained and 
brought to laboratory. These waste water 
samples were used for experimental purpose 
after recording their pH. Experiments were 
performed at room temperature in 250ml 
Erlenmeyer glass flask. An accurately weighed  *Author for correspondence 
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100 mg biomass was added in the flasks 
containing 50ml wastewater at original pH. 
The samples were agitated on a rotary shaker 
at a constant speed of 170rpm for 30min. 
Control flasks for each wastewater sample 
were also maintained without the addition of 
algal material. After the respective contact 
period, the solutions were separated from the 
biomass by filtration.   
Determination of heavy metal 
The quantity of residual metal was determined 
by using atomic absorption spectrometer. The 
metal uptake, Q was calculated by using the 
following equation. 

 Q = V (Ci- Cf) / M 
Where ‘Q’ represents the amount of metal 
taken per unit mass of the biomass (mg g-1), V 
is the volume of the solution (L), M the dry 
mass of the algae (g), Ci and Cf are the initial 
and final concentrations (mg/L), respectively. 
FT-IR, SEM-EDX and XRD analysis 
In order to determine the probable functional 
groups involved in the processe of biosorption, 
characteristics of dried Padina tetrastromatica 
biomass were analyzed and interpreted using 
FT-IR Spectrometer (Perkin Elmer Spectrum 
300) and XRD. Surface morphology and 
elemental composition of the biosorbent along 
with EDX was studied using scanning electron 
microscope (Jeol- Jsm 6360).  

RESULTS AND DISCUSSION 
Removal efficiency 
In alcohol distillery-1 (Table 1) lead, nickel 
and cadmium removal was about 10 to 15%. 
Chromium concentration in this distillery was  

initially more which could not be further 
reduced by the Padina biomass. In distillery-2, 
(Table 2) lead  removal was 83% followed by 
copper  68% and  nickel  25%. About 13% 
removal of chromium was also observed in this 
distillery waste. 
In the dairy waste (Table 3) maximum of Cu 
(II) removed  72%  was followed by chromium 
18%. In the tannery waste (Table 4) the high 
concentration of lead was present which was 
removed about 48% by padina. Removal of 
cadmium and nickel in this wastewater was 
about 12% and 15% were as copper was 
adsorbed at negliable rate. The original pH of 
the entire wastewater sample was acidic in 
range (2-4) except the dairy wastewater which 
had slightly alkaline pH. Maximum removal of 
lead was observed in the acidic pH range by 
Padina tetrastromatica maximum copper  
adsorption occurred both in acidic to neutral 
range. when total uptake of heavy metal was 
consider a maximum removal was recorded for  
distillery-2.(Fig. 1) The order for the removal 
of total heavy metals was  distillery waste-2  > 
Dairy waste > tannery waste> distillery-1.  
Characterization of biosorbent 
FT-IR spectrum of Padina tetrastromatica 
revealed the presence of amino, carboxylic, 
hydroxyl and carbonyl groups.  Carboxylic 
bonds were present in the region 3398.51 cm-1. 
Carboxylic/ Phenolic stretching bonds occur-
red in the region 2924.30 cm-1.  The peaks 
appearing in the region 1633.92 cm-1 might be 
attributed to >c = c > c = 0 and are chara-
cteristic of carbonyl group stretching from 
aldehyde and ketones. The presence of OH 
group along with carbonyl group confirmed 

Table 1 : Removal of heavy metals from alcohol distillery-1 by Padina tetrastromatica 

Heavy 
metal       

uptake 

Initial metal     
conc.mg/g 

Final metal 
conc.mg/g 

Qmax mg/g % removal of 
metal 

Lead 0.712 0.645 33.5 9.46 

Chromium 1.039 1.028 5.5 1.05 

Nickel 0.403 0.367 18.00 8.93 

Cadmium 0.109 0.093 08.00 14.67 

Total 2.263 2.133 65.00 5.744 
(Original pH-3.13)  
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Table 2 : Removal of heavy metals from alcohol distillery-2 by Padina tetrastromatica 

Heavy 
metals 

Initial metal 
conc.mg/g 

Final metal 
conc.mg/g Qmax mg/g % removal of metal 

Copper 1.15 0.37 390 67.82 

Lead 2.007 0.336 845.5 83.25 

Chromium 0.261 0.228 16.5 12.64 

Nickel 0.121 0.091 15.0 24.79 

Total 3.539 1.025 1257.0 71.03 
(Original pH 2.87)   

Table 3 : Removal of heavy metals from dairy wastewater by Padina tetrastromatica 

Heavy metal       
uptake 

Initial metal 
conc.mg/g 

Final metal 
conc.mg/g Q max mg/g % removal of metal 

Copper 0.812 0.228 294 71.92 
Chromium 0.167 0.137 15.00 17.96 
Total 0.979 0.365 307.00 62.71 

(Original pH-7.41)  

Table 4 : Removal of heavy metals from tannery (leather) waste by Padina tetrastromatica 

Metal Initial metal 
conc.mg/g 

Final metal 
conc.mg/g Q max mg/g % removal of metal 

Copper 0.178 0.174 2.0 2.24 

Cobalt 0.210 0.190 10 9.52 

Cadmium 0.077 0.068 4.5 11.68 

Lead 0.942 0.494 224.0 47.55 

Nickel 0.267 0.228 19.5 14.60 

Total 1.674 1.154 260.00 31.06 
(Original pH-4.18) 

the presence of carboxylic acid groups in the 
biosorbent.  This indicated the involvement of 
hydroxyl and carbonyl group in the biosorption 
of heavy metals (Fig. 2). FT-IR studies are 
important to know the precise chemical 
composition of the binding sites which include 
sulphate, amino, carboxyl, hydroxyl groups. 
Morphology and the surface protuberance of 
biosorbent were observed through SEM  (Fig. 3). 
EDX (X-ray microanalysis), provided informa-
tion regarding the elemental characteristic of the 
biomass. Strong peaks corresponding to release  

of Ca, Mg, K+, Fe, Na, O, S, Cl, Si and Cu were 
observed in this analysis.11,12 
Suggesting that ion-exchange rather than 
sorption to free sites could be a relevant 
mechanism for the binding of metal ions onto the 
biomass. The XRD (Fig. 4) pattern of Padina 
showed distinct peaks at different 
positions(2θ=80.495°, 68.785°, 66.255°, 61.900°, 
58.545°, 46.635°). Based on the d-spacing values 
(1.7720, 2.0268, 2.0949, 2.2261, 2.3414, 2.8923 
A) these peaks are attributable  to  crystalline  
structure of the biomass. 
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Fig. 1 : Maximum removal of heavy metals from different wastewater samples by Padina 

tetrastromatica 

 
 

 

 

 

 

 

Fig. 2 : FT-IR analysis of Padina tetrastromatica biomass before biosorption 

 

 

 

 

 

 

 

Fig. 3 : SEM micrograph of Padina tetrastromatica biomass, magnification X750 
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Fig. 4 : XRD analysis of Padina tetrastromatica biomass before biosorption 

The crystalline formation following long 
period of metal accumulation could be due to 
the complexation of metal nucleation and 
metal precipitation in crystalline state [Lopez 
A.]. Several reports suggesting that K release 
to maintain ionic balance across the 
membrane. In present case binding of biomass 
with heavy metals may be through an ion-
exchange mechanism. 

CONCLUSION 
Present study demonstrated that the heavy 
metal uptake at original pH occurs by the 
process of biosorption in Padina 
tetrastromatica. The highest maximum 
sorption capacity Qmax was for lead    
(845.5mg/g) followed by copper (294.0 mg/g).  
Biosorption of lead and copper were rapid and 
occurred (83.25% and 71.92%) respectively 
within first 30min. From different wastewater 
samples Al-2 exhibited the maximum metal-
sorption while Al-1 had the minimum. The 
affinity of metal- sorption in total was found to 
decrease in order of Pb> Cu> Ni> Cr> Cd> 
Co. The availability of dried biomass of 
seaweed may be favours, cheap, effective and 
eco-friendly its use as a means of effectively 
removing heavy metals ions from wastewater. 
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